a b s t r a c t During narrative comprehension, readers understand the emotions of the protagonist by taking the perspective of the character, which is an essential component of empathy. Spatial perspective-taking is crucial to understanding the standpoints and perceptions of others, and gives clues as to what the protagonist knows. As a default, a "here and now" point-of-view is adopted to make sense of the narrative. If the protagonist is in a different location while an event takes place ("there and now"), in order to comprehend the narrative the reader must take an allocentric perspective, which places greater demands on spatial perspective-taking. Utilizing this phenomenon, we evaluated the neural substrates of perspective-taking in emotional narrative comprehension using functional MRI in 18 normal adults. The subjects read short stories followed by a target sentence, which described an event that might evoke an emotional response in the protagonist if the character were present. The stories involved a scenario in which the character was either present at the same location ("here and now") or at a distant location ("there and now") during the event. The "there and now" scenario activated the posterior cingulate cortex and the right temporoparietal junction more prominently than the "here and now" condition. In contrast to the control tasks, both scenarios activated the well-known mentalizing network including the dorsomedial prefrontal cortex, temporal pole, posterior cingulate cortex and temporo-parietal junction. Along with the mentalizing network, the posterior cingulate cortex and the right temporo-parietal junction are involved in spatial perspective-taking during emotional narrative comprehension.
Perspective-taking Emotional comprehension
Temporo-parietal-junction (TPJ) Precuneus Posterior cingulate cortex (PCC) Functional magnetic resonance imaging (fMRI) a b s t r a c t During narrative comprehension, readers understand the emotions of the protagonist by taking the perspective of the character, which is an essential component of empathy. Spatial perspective-taking is crucial to understanding the standpoints and perceptions of others, and gives clues as to what the protagonist knows. As a default, a "here and now" point-of-view is adopted to make sense of the narrative. If the protagonist is in a different location while an event takes place ("there and now"), in order to comprehend the narrative the reader must take an allocentric perspective, which places greater demands on spatial perspective-taking. Utilizing this phenomenon, we evaluated the neural substrates of perspective-taking in emotional narrative comprehension using functional MRI in 18 normal adults. The subjects read short stories followed by a target sentence, which described an event that might evoke an emotional response in the protagonist if the character were present. The stories involved a scenario in which the character was either present at the same location ("here and now") or at a distant location ("there and now") during the event. The "there and now" scenario activated the posterior cingulate cortex and the right temporoparietal junction more prominently than the "here and now" condition. In contrast to the control tasks, both scenarios activated the well-known mentalizing network including the dorsomedial prefrontal cortex, temporal pole, posterior cingulate cortex and temporo-parietal junction. Along with the mentalizing network, the posterior cingulate cortex and the right temporo-parietal junction are involved in spatial perspective-taking during emotional narrative comprehension.
© 2008 Elsevier Ltd. All rights reserved.
Introduction
A story is the depiction of events, which are driven by the intentional behaviours of agents with unique goals, in imagined settings that can parallel the real world (Mar, 2004) . Understanding a narrative requires one to understand the intentions, goals, emotions and other mental states of the characters, which is known as mentalizing (Frith & Frith, 2003) . Readers often understand stories by taking the perspective of a character and mentally representing his or her emotional state (de Vega, Leon, & Diaz, 1996; Gernsbacher, Goldsmith, & Robertson, 1992; Komeda & Kusumi, 2006) , which is an important process in narrative comprehension. Perspectivetaking, which is the ability to adopt and understand the perspective of others, is an essential component of empathy, or the reaction of one individual to the observed experiences of another (Blair, 2005; Davis, 1983) . Perspective-taking involves two components: the information effect, which is related to the assessment of what the interlocutor knows; and the weighting effect, which describes the need to assess how the interlocutor will weigh up the different information required to make a decision (Dixon & Moore, 1990) .
Narrative comprehension involves the construction of a representation of the state of affairs described in the text (Zwaan & Radvansky, 1998) . These representations of textual information are called situation models (e.g., see Gernsbacher, 1990; Kintsch, 1998; van Dijk & Kintsch, 1983; Zwaan & Radvansky, 1998) . A situation model consists of several dimensions, such as time, space, intentionality and the protagonist, including his or her emotional state (Ferstl & von Cramon, 2007; Ferstl, Rinck, & von Cramon, 2005; Zwaan & Radvansky, 1998) . Readers predict that changes in each dimension will occur in the text. Changes in any dimension require readers to update their situation models, in order to fill in the gaps left by deviations from the predicted changes. Thus, a change in any dimension leads to an increase in reading time (Zwaan, 1999) . Rall and Harris (2000) proposed that perspective-taking in story comprehension can be explained by a situation model. This model includes the selection of a particular location and timeframe within the imagined scene from which to clarify the setting and the action. In other words, a "here and now" point-of-view is adopted in order to make sense of the narrative. Information that is spatially close to the protagonist is more readily accessible than that which is spa-
